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STANDING WAVE PROBLEMS IN ACOUSTIC BEHAVIORAL
TESTING OF ANIMALS
H. VAN DEN

ENDE.

E . E .

(Delft)*

Introduction

Two audiometric testing rooms are presently in use, for acoustic behavioral
testing of animals, at the Otological Research Laboratory. Acoustic stimuli consisting
of pure tones are introduced by means of loudspeakers.
Speaking of rooms for pure tone audiometry, Beranek' remarks, "When audiometers which employ earphones are used, it is usually sufficient to keep ambient
noise at a low level, without regard to the nature of the interior of the room. If
a loudspeaker is used, however, the interior of the room becomes extremely important,
since the presence of sound-reflecting surfaces will materially affect the nature of
Ihe sound lhat reaches the listener's ear. In particular, the level of the sound will
van' Irom point to point in the room, giving rise to "dead spots" and "loud spots".
In a companion paper' we reported sound pressure level patterns obtained in one
ol our rooms by means of a microphone traveling in vertical paths. The speaker
was ihcrcby driven with a signal of constant frequency and constant amplitude.
The pressure from one point to another differed by as much as 30 db. at each of
the commonly used test frequencies 250, 1,000, 4,000 and 16,000 c/s. The four
walls and ceiling of this testing room were constructed of 4 inch thick acoustic panels,
the sound absorplion coefficients of which are listed in Table I as specified by the
manufacturer.
SOUND ABSORPTION COEFFICIENTS OF WALL & CEILING MATERIAL
Freg. in cps
Abs. coefficient

250
0.99

1,000
0.99

4,000
0.83

16.000
••n.s.

'lahlc I

Ibis absorption was not obtained at the floor of the room which was covered
with wall lo wall carpeting, al a window in one of the walls, or at the margins
of the panels. It seems surprising that the above results are compatible with such
high absorption coefficients, but less so when it is realized that an absorption coefficient of 0.99 means a pressure amplitude of reflection of 0.1 of the incident sound.
The pallern of loud spots and dead spots shifts with frequency. This means
lhal al a stationary point of observation the sound pressure level will change when
Ihe frequency of the driving signal is changed. This condition is undesirable in
experimenls designed to determine frequency discrimination abilities of animals.
For such experimenls the ideal placement of the animal would be in an area
where Ihe walls do not reflect sound energy at all. Such an area can be obtained
almost perfectly by thc installation of wedges'**' and other structures on the walls.*
The amplitude reflection coefficient Ihen decreases with increasing frequency over a
wide range. The frequency at which the amplitude reflection coefficient assumes the
*OtologicaI Research Laboratory
••Not specified
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Figure 1

Figure 2
value 0.1 is called "cut-off frequency". Such a room is then called anechoic (thai is
without echo) for frequencies above the cut-off frequency. To render our existing
facilities (the audiometric testing rooms measure 10 x 10 x 6'2 ft.) anechoic for
frequencies above 250 cps would require the installation of wedges with a wedge
neight of one foot. Such an addition was prohibitive because of Ihe cost (estimated
total cost per room $3,000). Cut-off frequencies lower than 250 cps would require
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wedge height in excess of one foot which would not be practical. As an experiment,
a less costly acoustical treatment was installed in the existing facilities in an attempt
to render the room as anechoic as possible for frequencies above 250 cps.
Installation of Acoustic Material
One roll of a flexible, blanket type fiberglas, "Aerocor", 72 inches wide and
100 foot long was acquired. The sound absorption properties of this material are
indicated in Table IL
SOUND ABSORPTION COEFFICIENT OF "AEROCOR "

Aerocor Blanket Material
(Owens Corning PF — 399)
Thickness:

1 inch

Density

2 pcf *

Frequency cps

125

250

500

Absorption
Coefficient

0.10

0.51

0.63

1,000

0.94

:.iMH)

4,000

0.91

0.89

•pcf = pounds per cube foot.

Table II
Studs 2 by Wi inches were erected Wi inches from the existing walls without
defacing the walls with screws, see Fig. 1. The
inch plywood triangles, with
pieces of carton adhered over the points to prevent puncturing of the blanket,
permitted folding the blanket to form horizontal wedges as shown in Fig. 1.
The triangles measure 8 inches at the base and were 10 inches high, resulting
in a treatment depth of 14 inches.
The ceiling was treated likewise (See Fig. 2.) and a rack with wedges was
hung on the door. All area was so treated except for the floor, an opening of 2
by 3 feet to permit viewing through the testroom window, and an opening at the
center of the ceiling for illumination.
It took two men two days to install this structure, and the cost of the materials
was approximately $200.(X).
Method
The arrangement of electrical equipment (for a list of equipment see page 525)
is shown in Fig. 3. The motor of the recorder was mechanically coupled to the
oscillator so that it would simultaneously drive the frequency dial of the oscillator
and the recording paper, both at a predetermined speed. While thus scanning a
selected frequency range, the voltage applied to the speaker did not vary appreciably,
whereas the sound pressure at the microphone varied considerably.
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The experiment consisted of recording the sound pressure variation as a function
of frequency, while keeping the microphone stationary 3 feet above the floor and
pointing toward the sound source for
a) Bare walls.
b) Aerocor installed on walls and ceiling (as described under Installation
of Acoustic Material, see Fig. 1 and 2).
Frequency scanning rather than the method of the traveling microphone (see
Ref. 1) was used because the effect of the Aerocor acoustical treatment is much
more clearly demonstrated in this manner.
Results
The tracings of Fig. 4 were obtained with an arrangement as shown in Fig. 3.
The sound source, an eight inch speaker mounted in a
inch plywood baffle
23 by 30 inches, was placed on the floor as shown in the situation sketch (see Fig. 4).
The oscillator and amplifier supplied a sinusoidal signal to the speaker with
an amplitude of 1 volt and a frequency which was scanned from 200 to 5000 cps
in a period of 230 seconds.
A wide band pass filter was inserted in the circuit which allowed frequencies
from 75 to 9,600 cps to pass to the recorder. This was necessary to eliminate any
low frequency components from distorting the results. The recording paper moved
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at a rate of 3 mm/sec. Fig. 4 compares the recorded sound pressure level before
and after installation of the aerocor on the walls.
The upper tracing was obtained before installation of acoustical malerial whereas
Ihe lower tracing portrays the sound pressure level variations with wedged aerocor
blanket installed on Ihe 4 walls and ceiling. In both cases the floor was covered
with wall lo wall carpeting.
In bolh tracings an irregular line composed of peaks and valleys is seen. These
valleys and peaks represent changes in sound pressure levels with changes in frequency
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Figure 4
in a designated area of the test room as received by the stationary microphone. The
lowest point of a valley is designated as a sound pressure "minimum". The number
of minima and Ihe depths of the valleys are greater in the unlreated room when
compared to thc acoustically treated room. From this we infer that sound reflections
from Ihc surfaces of Ihe acoustically treated room were less than those of the
non-treated room.
Tracings were also obtained for frequencies from 5000 to 30,000 cps employing
a high frequency speaker with the microphone directed toward and away from
the speaker. The results were similar to those of Fig. 4, except for the effect of
directivity which the microphone displays at high frequencies.
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Conclusions
An audiometric tesiinc room was converted into a scmi-ancchoic room. This
was accomplished by installing on thc existing walls and ceiling King wedges of
a flexible blanket lype fiberglas (Aerocor) 1 inch thick with a density of 2 pounds
per cubic loot. Following such treatment, variations in sound pressure levels due
to wall reflections were reduced considerably. To what extent the remaininq
variations are due to wall reflections and to what extent due lo speaker characteristics or diffraclion phenomena has not been determined.
The author is indebted to Dr. T. M. McGcc for helpful iliscussions and to Mr. L . B.
I owery for his assistance during this investiji.ition.
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L/.V/ of Equipment
Oscillator:

B & K * Type 1013.

Amplifier:

Mcintosh - Model MC 30.

Vacuum tube Voltmeter:

Balantine Model 300.

Speaker:

James B. Lansing Type D - 208
mounted on a ^4 inch pKwood
baffle 23 by 30 inches.
B & K Type 41.M.

Microphone, Cartridge:

B & k Type 2615

Cathode Follower:
Microphone Amplifier:

B & K Type 2603.

Filter:

Allison Model 2A.

Sound Level Recorder:

B & K Type 2304

Audiometric Testing Room

Industrial Acoustics Company
Miulel 1200 SP.

*B & K Instruments. Inc.
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